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Spectrum of H,‘“O and H,170 in the 5030 to 5640 cm-l Region 1 

ROBEKT A. TOTH 

J. &I. FLAUD AKD C. CAMY-PEYRET 

Laboratoire de Physique Molkculaire et d’Optir/ue Atrnmpheril/ue, Briteruent 221, 
Campus d’orsay, 91105, Orsay, France 

Measurements of line center positions of H2r80 and HG70 in the 5030 to 5640 cm-r region 

have been made at high resolution. This region contains absorptions of the (011) and (110) 

bands of Hs’*O and H2r70. Values of the ground state levels of H2t80 and Hz?O as well as those 

for the states of (011) and (110) of Hzr*O and H2r70 were determined from the data. Strength 

measurements of 23 strong absorbing lines of Ha**0 were also included and compared to values 

obtained for H$*O multiplied by the 0’8/016 isotopic abundance ratio. These results indicate 

that Hpr80 line strengths can be calculated, to good approximation, from the H2r60 values 

for the (011) and (110) bands. 

INTRODUCTION 

The present study was undertaken to obtain a knowledge of the line positions of 
H2190 and HZ”0 in the 1.9 pm spectral region which, in turn, is important for the 
interpretation of atmospheric spectra. The H4rX0 data were obtained in the same manner 

as those presented for the 2900 to 3400 cm-r region published earlier by Toth and 
Margolis (1). Additional spectra of HZ160, which contained absorption of H,rKO and 
H&‘O, were also used for purposes of line position measurements (2) and line strength 
measurements (3). 

This work encompasses measurements of the line positions in the (011) and (110) 
bands of H2180 and Hi70 as well as obtaining values for the ground state and upper 
state levels. Also strength measurements of 23 H2r80 lines are presented. 

EXPERIMENTAL DETAILS 

The data were obtained with a 1.8 m Jarrel-Ash grating spectrometer having a 300 
line/mm grating blazed at 5.7 Mm in first order. Observations were made in third order 
at a spectral resolution of -0.05 cm-‘. The source was a 1000 W quartz-iodine projec- 
tion lamp and the detector was a PbS element which was cooled to approximately 
-60°C. A multitraversal cell of 2 m base length was used for all measurements. The 

1 This paper presents the results of one phase of research carried out at the Jet Propulsion Laboratory, 

California Institute of Technology, under Contract NAS7-100, sponsored by the National Aeronautics 

and Space Administration. 
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TABLE 2. ENERGY LEVELS (CM-l) IN THE (011) AND (110) STATES OF H-l80 AND H-l70 

JK,Kl 

H,% 

10111 (110) 

5310.468 5221.240 

53,4,“.?3 5244.640 
534A.568 5259.985 
53>4.201 526b.sl2 

5320.2b2 

5343.R34 
5358.547 
5304.154 

30 3 
31 3 
31 8 
32 2 
32 1 
33 1 
33 0 

40 4 
41 4 
41 3 
42 3 
42 2 
4.5 2 
43 1 
411 1 

5748.526 5657.883 
5,r)Y.l2h 5650.hbl 
5852.207 5761.359 
5862.75, 5774.198 
5916.b36 bR25.52U 
5906.010 5A8U.OQO 
5978.891 5PY2.851 
bOBI..al 6001.786 
6cJU.Ytlrr b001.301t 
b2P2.qO1 
6222.r*,, 
63C,.lr,l 
b36,.471( 

5759.134 
5759.760 
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TABLE3. MEASUREMENTS AND ASSIGNMENTS OFHzl'OAND H21701NTHE9J30TO%40CM-1SPECTRALREG10N 

7 

R 

foreoptics, source, and detector were housed in a vacuum box which was connected to 
the vacuum spectrometer and the absorption cell. 

The HJQ sample was supplied by the Bio-Rad Corp. The stated sample mixture 
ratio of HJ*O to Hz160 was l-to-l and the HJ70 impurity was 0.1% of the sample. 
The path lengths ranged from 8 to 48 m and the sample pressure and temperature 
were 2.3 Torr and 296 K, respectively. The H&*0 and HJ70 line positions were calibrated 
from the known H2160 absorptions (2). The line strength measurements were made 
from spectra of HJ60 (3). 

DATA ANALYSIS 

The identifications of the majority of the Hz”0 absorptions were made by super- 
imposing spectra of HJ80/H.J60 with those of HJ60 in which the optical density of 
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TABLE 3-Continued 

Hzl’O was identical in the two spectra. Therefore in comparing the two sets of spectra 
the peak absorptions of HJ60 lines were much smaller in the HJPO/HJ60 data than in 
the H2W spectra, while the opposite effect was observed for the HJ80 lines. The quan- 
tum assignments of the measured H2180 lines were determined by noting that: (a) the 
frequency difference between identical transitions of HJ60 and HJ80 are approximately 
20 and 10 cm-r for the (011) and (110) bands, respectively, and (b) the peak absorptions 
for identical transitions in Hz160 and H,180 were approximately equal in the HJ80/ 
H&Q spectra. The Hz”0 assignments were obtained by noting that their transition 
frequencies lie in a region midway between the positions of identical transitions in 
H2160 and Hz’%. 
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TABLE 3-Conlimred 

The HJ*O line strength measurements were made from previously recorded spectra 
of H2160 (3) in which only the strongest lines of Hz’*0 were observed. The line strengths 
were determined by the method of equivalent widths. The procedure for determining 
line strengths of water vapor from the equivalent widths has been discussed in detail 
in earlier reports (3,4). 

Values of the ground state levels of H2rR0 and H2170 are presented in Table 1. The 
Table lists the rotational quantum numbers (JK-rKl) and three sets of values for H2W 
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TABLE 3-Continued 

and two sets for HJrO. The three sets of H2180 values are from (a) the present work, (b) 
those given by Garing and McClatchey (5), and (c) the values obtained in an analysis 
of the (020) band by Toth and Margolis (1). The Hz”0 levels are from (a) the present 
study and (b) Garing and McClatchey (5). Values given for this work were determined 
by the method of combination differences using the measured transition frequencies 
in the (011) and (110) bands for H$80 and in the (011) band for Hz170. This procedure 
requires that values of the levels (lOl), (1 lo), (ill), are known from other sources or 
they are derived from the measured positions by obtaining an initial set of upper state 
levels and iterating between upper and lower state levels. 
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TABLE 3-Contimred 

Table 2 lists values of the levels obtained from the present data on the (Oil), (110) 
states of HJ80 and HJ70. They were obtained from the ground state levels given for 
this work in Table 1 and the measured line frequencies. The (011) band is much stronger 
than the (110) band for respective isotopic species and therefore the majority of the 
H2r80 and H2r70 observations were of lines in the (011) band. The two entries given in 
Table 2 for the (110) state of Hz’?0 were derived from transitions for which the line 
strengths are enhanced due to Coriolis mixing of the (110) state 1eveIs with levels in the 
(011) state. In fact many levels in the (011) state are affected by Coriolis interactions 
with levels in the (110) stale for either molecule. The magnitude of the mixing which 
these levels exhibit in H2r60 is presented in a paper by Camy-Peyret and Flaud (6). 
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TABLE 3-Continued 

The magnitude of the mixing of the levels in Hz180 and Hz’?0 for these states is com- 
parable to that in HPO. 

Table 3 is a listing of the line numbers, measured and calculated line center frequen- 
cies, upper and lower state rotational quantum numbers, band, and isotopic species. 
The line numbers pertain to the numbering of the absorptions shown in Fig. 1. Absorp- 
tions not numbered in Fig. 1 are due to H2160. The calculated frequencies given in 
Table 3 were determined from the upper state levels given in Table 2 and the ground 
state values, of this study, given in Table 1. The measured frequencies denoted by an 
“N” in Table 3 refer to measurements taken from very high resolution interferometric 
spectra of Hz160 (2). A few of the measured lines given in Table 3 do not have quantum 
assignments (for example, line numbers 96, 98, 110, 133, etc.) and they may be due to 
yet unidentified transitions in the (011) and (110) bands of Hz180 and Hz”0 or “hot” 
band transitions of H,180, mainly in the (021)-(010) band. Also quantum assignments 
were made for a few lines for which the calculated frequencies were not determined 
(for example, line numbers 3, 14, 88, 110, etc.) because either or both the upper and 
lower state levels could not be obtained from the data. 
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TABLE 4 

Positions (an-l) of H~~'O,&$~~O and B21b '> lines which were blended in the spectral data. 

Position 

5113.82'~ 
5113.872 

UPPer Lower 

Level LWC?l 
J K-lKl J K_lK1 

+o 4 515 
92 8 02 3 

515 53 2 
211 32 2 

5l34.'('IJ 
5134.779 

315 
82 7 

915 
92 8 

5156.951 
5157.007 

32 1 
414 

5159.9e1 
5159.937 

64 3 
63 3 

5243.834 211 312 
5243.889 32 2 42 3 

5246.292 23 2 22 1 
5246.3~3 33 0 43 1 

5261.519 62 5 62 4 
5261.501 22 0 32 1 

5269.1~ 11 0 211 
5209.lj6 212 313 

212 
41 4 

10 1 
413 

52 4 52 3 
42 2 413 

5291.,/h 413 32 2 
5291.7u6 212 10 1 

5314.175 42 3 
5314.148 73 5 

5314.594 52 4 
5314.513 53 2 

42 2 
7 2 4 

515 
52 3 

5326.610 
5326.646 

5337.705 
5337.702 

5338.502 

53 3 
33 0 

211 
53 3 

85 4 
40 4 
53 3 

53 2 
32 1 

212 
53 2 

8s 3 
32 1 
52 4 

- 
Band 

110 

011 

011 
ll<J 

011 
011 

110 
110 

011 
011 

311 
311 

011 
311 

011 
011 

011 
011 

11~1 
011 

011 
113 

110 
111) 

011 
311 

11v 
110 

011 
110 

311 
011 

011 
011 
110 

- 
bl. 

- 

18 
lb 

13 
11, 

lrj 
16 

1Y 
lb 

13 
lb 

17 
16 

1,s 
lb 

1Y 
16 

17 
lb 

18 
10 

1Y 
lb 

13 
1,; 

l'i 
lb 

Id 
10 

3.7 
10 

17 
lb 

l&i 
16 
16 

3j8.762 
3313.755 

JPPer Lower 

.evel Level 

w J K_lKl 

$2 2 211 
!2 ii 22 1 

343.413 11 2 313 
343.419 15 1 55 'J 
343.423 >5 0 :,5 1 
343.403 12 1 32 2 

353.Ub3 (6 2 '76 1 
353.J90 76 1 76 2 
353.110 12 3 312 
353.072 54 1 54 2 

357.159 
,357.136 

t4 1 
34 4 

>363.193 
8363.143 

1339.5w 
':'$I".632 

?12 
13 4 

tl 4 
13 2 

)427,469 43 2 
i427.496 515 

43 2 
84 5 

11 1 
73 5 

313 
515 

41 : 
bib 

Ji33.09'7 
i433.119 

,434.'?'34 
i434.922 

j449.902 
j449.863 

j4rj6.220 
j436.214 

,I1 6 
53 3 

j537.63: 
j507.331 
j507.328 

33 1 
52 6 

G3 4 
41 3 

52 Y' 
53: 

32 'i 
22 0 

dl 7 
63 4 

20 1: 
2 1 1: 
" 1 'i 

- 

ana 

110 
VI1 

)ll 
Xl 
Jll 
311 

311 
311 
110 
311 

11" 
IO11 

'011 
311 

311 
.Jll 

011 
"11 

"ll 
011 

113 
i)ll 

111: 
iill 

!Jll 
011 

011 
311 

"11 
011 
311 

M 

- 

01. 

- 
1: 
1t 

Lr( 
1:: 
1n 
16 

18 
Id 
18 
16 

l&4 
16 

17 
lb 

195 

Several H,lXO and Hz170 lines were blended with HJ60 lines in the spectra to an extent 
that measurements of their line positions could not be made with any accuracy. Table 4 
is a listing of these lines along with their quantum and band assignments. The H,160 

frequencies are those given in Ref. (2) and the H,180 and HJ’O values were calculated 
from the ground state levels, of this work, given in Table 1 and the upper state levels 
listed in Table 2. 

Table 5 lists the measured line strengths of HJRO. For comparison purposes, those 
transitions for which measurements of HJ60 line strengths were made (3) are also given 
in terms of the product with the W/r60 ratio; 0.00209. Inspection of the Hz’*0 and 
HJ60 results indicate that, to good approximation, Hz ‘“0 line strengths can be calcu- 
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L--L’ _^_^ 
J”4” 5050 5060 30,” 

LL_.._~5&-. 
5070 5160 

FIG. 1. Scan of the 5030 to 5640 cm-* region of H2180, H$60, and H2170. The sample pressure was 
2.3 Torr and the path was 48 m. The isotopic ratio of the water vapor sample was 50, 50, and 0.1% for 
Hz180, Hz’~O, and Hzl’O, respectively. The stroke marks denote the H*‘*O and Hz*‘0 lines and only 
these are numbered. 
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5620 
I I 

5630 5640 

FIG. l-Continued 

TABLE 5 

Line strengths of F$l*O in the (Dll) band measured from spectra of H2 16 0. Strength 
in cm 

-2 -1 
atm at 296K. 

UPPer Lower Upper 
Frequency State State Strength state Level 
(cm-l) J K_& J K_lKl, 

H2 
1% I x H2 I& 

Pertnrbedb 

5186.115 
5205.039 
5210.178 
5243.431 
5269.578 
5306.544 
5317.974 
5322.968 
5323.674 
5324.373 
5327.964 
5356.013 
5372.690 

:;;:.4749; 
5407:885~ 
5408.871 
5421.357 

:E% 
5453:8$6 
5453.959 
5478.190 

515 616 5.46-4 40 4 50 5 ;.I;:; 

312 413 2:30-4 2.53-4 
20 2 30 j 
11 1 212 2.;;::: 
111 11 0 a:O2-4 8.17-4 
22 0 22 1 1.08-3 
32 1 32 2 1.88-4 1.96-4 
33 1 33 0 7.20-4 
43 1 43 2 4.63-4 
211 212 
20 2 10 1 
313 212 1.12-3 
30 3 20 2 4.25-4 
40 4 30 3 1.37-3 
43 1 32 2 2.02-4 1.43-4 
50 5 40 4 2.45-4 
43 1 33 0 2.90-4 2.71-4 
70 7 60 6 1.96-4 1.59-4 
53 3 43 2 
615 514 
54 2 44 I. 
64 2 54 1 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
YES 

NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
YES 
N,> 
NO 

YES 

8. I = $'O,'H;~~~O = 0.002G9. H2160 strengths from ref (3) 

b. From H2 
16 o mixing coefficients given in ref (6). 

c. (110) band. 
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lated from the Ha60 values. The last column in Table 5 indicates if the upper state 
level is perturbed or not as inferred from the mixing coefficients given by Camy-Peyret 
and Flaud (6) for the states (030), (Oil), and (110) of H2160. The uncertainty in the 

Hz’*0 measured line strength values is f 10%. 

RECEIVED: February 7, 1977 
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